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1
ANTI-VLA-4 RELATED ASSAYS

CLAIM OF PRIORITY

This application 1s a Continuation of U.S. patent appli-
cation Ser. No. 15/166,514, filed May 27, 2016, which 1s a
Divisional of U.S. patent application Ser. No. 13/501,111,
filed on Jun. 27, 2012, and 1ssued on Jun. 28, 2016 as U.S.
Pat. No. 9,377,458, which 1s a national phase application
under 35 U.S.C. § 371 of PCT International Application No.
PCT/US2010/052172, filed on Oct. 11, 2010, which claims
priority to U.S. Provisional Patent Application No. 61/250,
553, filed on Oct. 11, 2009. The contents of the aftoresaid
applications are hereby incorporated by reference 1n their
entirety.

FIELD OF THE INVENTION

The invention relates to assays associated with immuno-
modulatory therapies

SUMMARY OF THE INVENTION

The invention 1s based, at least in part, on the develop-
ment of a test to assay the level of an anti-integrin antibody
and the anti-(anti-integrin antibody) antibody, e.g., anti-drug
antibody, 1n a sample.

In one aspect, a method of decreasing the level of an
anti-integrin antibody in a subject includes contacting a
biological sample from a subject with a detectable capture
agent associated with a substrate, wherein the capture agent
can bind an anti-integrin antibody in the sample, detecting
binding of the capture agent with a level of the anti-integrin
antibody 1n the sample, and treating the subject with plasma
exchange until the level of the anti-integrin antibody 1n the
sample reaches a predetermined level. The method can
include a subject who was treated with a natalizumab and
has been diagnosed with or 1s suspected of having a JC virus
infection.

Certain embodiments can include one or more of the
tollowing features. Contacting the biological sample with a
detectable capture agent and detecting binding of the capture
agent can i1nclude assaying in a lateral flow system. The
binding of the capture agent with the antibody 1n the sample
can produce a detectable signal. Binding of the capture agent
with the antibody can be detected by a secondary agent. The
predetermined level of the antibody can be about 1 ug/ml, 2
ug/ml, 3 ug/ml, 4 ug/ml, 5 pg/ml, 6 ug/ml, 7 ng/ml, 8 ug/ml,
9 ng/ml, 10 ug/ml, 15 pg/ml, or 20 ug/ml. Contacting a
biological sample from a subject with a detectable capture
agent associated with a substrate, and detecting binding of
the capture agent to the antibody can occur one day, two
days, three days, four days, five days, six days, one week,
two weeks, three weeks, or four weeks after the plasma
exchange treatment. The plasma exchange treatment can be
repeated once a day, or once every two days, three days, four
days, five days, six days, one week, two weeks, three weeks,
or Tour weeks. The biological sample can be blood, plasma,
serum, urine, saliva, cerebrospinal fluid, sputum, ocular lens
fluid, sweat, milk, ascites fluid, mucous, synovial fluid,
peritoneal tluid, transdermal exudates, pharyngeal exudates,
bronchoalveolar lavage, tracheal aspirations, semen, cervi-
cal mucus, vaginal secretion, urethral secretion, or amniotic
fluid. The anti-integrin antibody can be a recombinant
anti-integrin antibody or an anti-alpha4 integrin chain anti-
body. The capture agent can be an antibody or an integrin.
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In another aspect, an apparatus for assaying the level of an
anti-integrin antibody 1 a biological sample includes a
substrate, and a detectable capture agent associated with the
substrate, wherein the capture agent can bind an anti-integrin
antibody 1n the biological sample.

Certain embodiments can include one or more of the

following features. The apparatus can include a lateral tlow
system. The binding of the capture agent to the anti-integrin
antibody can produce a detectable signal. The binding of the
capture agent to the anti-integrin antibody can be detected
by a secondary agent. The capture agent can be an antibody
or an integrin. The anti-integrin antibody can be a recom-
binant anti-integrin antibody. The recombinant anti-integrin
antibody 1s an anti-alpha4 integrin chain antibody. The
substrate can be nitrocellulose, cellulose acetate, filter paper,
cloth, or glass fiber paper. The biological sample can be
blood, plasma, serum, urine, saliva, cerebrospinal fluid,
sputum, ocular lens fluid, sweat, milk, ascites fluid, mucous,
synovial fluid, peritoneal fluid, transdermal exudates, pha-
ryngeal exudates, bronchoalveolar lavage, tracheal aspira-
tions, semen, cervical mucus, vaginal secretion, urethral
secretion, or ammniotic fluid. The binding of the capture agent
to the antibody can be detectable within about 30 seconds to
about 60 minutes or longer after the binding.

In another aspect, a method of assaying the level of an
anti-integrin antibody 1n a biological sample 1includes
obtaining a biological sample from a subject, contacting the
sample with a detectable capture agent associated with a
substrate, wherein the capture agent can bind an anti-integrin
antibody 1n the sample, and detecting and correlating bind-
ing of the capture agent to the level of the anti-integrin
antibody. The method can include a subject who was treated
with a natalizumab and has been diagnosed with or 1s
suspected of having a JC virus infection.

Certain embodiments can include one or more of the
following features. Contacting the sample with a detectable
capture agent and detecting the binding of the capture agent
can include assaying 1n a lateral tlow system. The binding of
the capture agent to the antibody can produce a detectable
signal. Binding of the capture agent to the antibody can be
detected by a secondary agent. The method can include
administering a treatment to the subject to decrease the level
of the anti-integrin antibody in the subject. The treatment
can be plasma exchange. The level of the anti-integrin
antibody can be measured one day, two days, three days,
four days, five days, six days, one week, two weeks, three
weeks, or four weeks after the administration of the treat-
ment. Administering the treatment and measuring the level
of the anti-integrin antibody can be repeated until the level
of the anti-integrin antibody 1n the sample reaches a prede-
termined level. The predetermined level can be about 1
ug/ml, 2 ng/ml, 3 ug/ml, 4 pg/ml, 5 ug/ml, 6 ng/ml, 7 ug/ml,
8 ug/ml, 9 ng/ml, 10 pg/ml, 15 pg/ml, or 20 ug/ml. The
treatments can be administered once a day, or once every
two days, three days, four days, five days, six days, one
week, two weeks, three weeks, or four weeks. The anti-
integrin antibody can be a recombinant anti-integrin anti-
body. The anti-integrin antibody can be an anti-alpha4
integrin chain antibody. The capture agent can be an anti-
body or an integrin. The biological sample can be blood,
plasma, serum, urine, saliva, cerebrospinal fluid, sputum,
ocular lens fluid, sweat, milk, ascites fluid, mucous, synovial
fluid, peritoneal fluid, transdermal exudates, pharyngeal
exudates, bronchoalveolar lavage, tracheal aspirations,
semen, cervical mucus, vaginal secretion, urethral secretion,
or amniotic fluid.
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In another aspect, a method of assaying the eflicacy of a
treatment can be obtaining a biological sample from a
subject undergoing treatment to decrease the level of an
anti-integrin antibody in the subject, contacting the sample
with a detectable capture agent associated with a substrate,
wherein the capture agent can bind an anti-integrin antibody
in the sample, and detecting and correlating the binding of
the capture agent to the level of the anti-integrin antibody,
wherein a level of the anti-integrin antibody in the sample
less than a predetermined level 1s indicative of the eflicacy
of the treatment. The method can 1nclude a subject who was
treated with a natalizumab and has been diagnosed with or
1s suspected of having a JC virus infection.

Certain embodiments can include one or more of the
following features. Contacting the sample with a detectable
capture agent and detecting and correlating the binding of
the capture agent can include assaying in a lateral flow
system. The binding of the capture agent to the antibody can
produce a detectable signal. Binding of the capture agent to
the antibody can be detected by a secondary agent. The
predetermined level can be about 1 ug/ml, 2 ug/ml, 3 pug/ml,
4 ug/ml, 5 ng/ml, 6 ng/ml, 7 ug/ml, 8 ug/ml, 9 ug/ml, 10
ug/ml, 15 png/ml, or 20 ng/ml. The biological sample can be
obtained from the subject one day, two days, three days, four
days, five days, six days, one week, two weeks, three weeks,
or four weeks after the treatment. The treatment can be
repeated once a day, or once every two days, three days, four
days, five days, six days, one week, two weeks, three weeks,
or four weeks. The treatment can include plasma exchange.
The biological sample can be blood, plasma, serum, urine,
saliva, cerebrospinal fluid, sputum, ocular lens fluid, sweat,
milk, ascites fluid, mucous, synovial fluid, peritoneal fluid,
transdermal exudates, pharyngeal exudates, bronchoalveolar
lavage, tracheal aspirations, semen, cervical mucus, vaginal
secretion, urethral secretion, or amniotic fluid. The anti-
integrin antibody can be a recombinant anti-integrin anti-
body. The anti-integrin antibody can be an anti-alpha4
antibody. The capture agent can be an antibody or an
integrin.

In another aspect, a kit for assaying the level of an
anti-integrin antibody in a biological sample for use in
treating with measuring the level of an anti-integrin antibody
in a subject and monitoring the eflicacy of the treatment
includes a tester that includes a substrate and a detectable
capture agent associated with the substrate. The capture
agent can bind an anti-integrin antibody in the biological
sample and a chase bufler. The subject can include a subject
who was treated with a natalizumab and has been diagnosed
with or 1s suspected of having a JC virus mnfection. The kat
can further include instructions for interpreting the level of
the anti-integrin antibody. The kit can also be used to
monitor the etlicacy of treatment in the subject.

Certain embodiments of the kit can include one or more
of the following features. The substrate can be a portion of
a lateral flow system. The binding of the capture agent to the
antibody can produce a detectable signal. The binding of the
capture agent to the antibody can be detected by a secondary
agent. The capture agent can be an antibody or an integrin.
The anti-integrin antibody can be a recombinant anti-inte-
orin antibody. The recombinant anti-integrin antibody can be
an anti-alphad antibody. The substrate can be nitrocellulose,
cellulose acetate, filter paper, cloth, or glass fiber paper. The
biological sample can be blood, plasma, serum, urine, saliva,
cerebrospinal fluid, sputum, ocular lens fluid, sweat, milk,
ascites fluid, mucous, synovial fluid, peritoneal tluid, trans-
dermal exudates, pharyngeal exudates, bronchoalveolar
lavage, tracheal aspirations, semen, cervical mucus, vaginal
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secretion, urethral secretion, or amniotic fluid. The binding
of the capture agent to the antibody can be detectable within
about 30 seconds to about 60 minutes or longer after the
binding.

In another aspect, a method of assaying the eflicacy of a
treatment can be obtaining a biological sample from a
subject undergoing treatment with anti-VL.A4 antibody, con-
tacting the sample with a detectable capture agent associated
with a substrate, wherein the capture agent can bind an
anti-anti-integrin antibody 1n the sample, and detecting and
correlating the binding of the capture agent to the level of the
anti-anti-integrin antibody to determine the eflicacy of the
treatment.

Certain embodiments can include one or more of the
following features. Contacting the sample with a detectable
capture agent and detecting and correlating the binding of
the capture agent can include assaying 1 a lateral flow
system. The binding of the capture agent to the antibody can
produce a detectable signal. Binding of the capture agent to
the antibody can be detected by a secondary agent. The
biological sample can be obtained from the subject prior to
treatment or one day, two days, three days, four days, five
days, six days, one week, two weeks, three weeks, or four
weeks after the treatment. Obtaining the biological sample
can be repeated once a day, or once every two days, three
days, four days, five days, six days, one week, two weeks,
three weeks, or four weeks. The biological sample can be
blood, plasma, serum, urine, saliva, cerebrospinal fluid,
sputum, ocular lens fluid, sweat, milk, ascites fluid, mucous,
synovial fluid, peritoneal fluid, transdermal exudates, pha-
ryngeal exudates, bronchoalveolar lavage, tracheal aspira-
tions, semen, cervical mucus, vaginal secretion, urethral
secretion, or amniotic fluid. The anti-anti-integrin antibody
can be a recombinant anti-anti-integrin antibody. The anti-
anti-integrin antibody can be an anti-anti-alpha4 integrin
chain antibody. The capture agent can be an antibody.

In another aspect, a kit for assaying the level of an
anti-anti-VLA4 antibody 1n a biological sample and moni-
toring the etlicacy of anti-VLA4 antibody treatment in a
subject 1ncludes a tester that includes a substrate and a
detectable capture agent associated with the substrate,
wherein the capture agent can bind an anti-anti-VILA4
antibody in the biological sample and a chase butler. The kit
can further include instructions for mterpreting the level of
the anti-anti1-VLLA4 antibody. The kit can also be used to
monitor the ethicacy of treatment in the subject.

In certain embodiments the kit can include one or more of
the following features. The substrate can be a portion of a
lateral flow system. The binding of the capture agent to the
antibody can produce a detectable signal. The binding of the
capture agent to the antibody can be detected by a secondary
agent. The capture agent can be an antibody. The substrate
can be nitrocellulose, cellulose acetate, filter paper, cloth, or
glass fiber paper. The biological sample can be blood,
plasma, serum, urine, saliva, cerebrospinal fluid, sputum,
ocular lens fluid, sweat, milk, ascites tluid, mucous, synovial
flmid, peritoneal fluid, transdermal exudates, pharyngeal
exudates, bronchoalveolar lavage, tracheal aspirations,
semen, cervical mucus, vaginal secretion, urethral secretion,
or amniotic flmd. The binding of the capture agent to the
antibody can be detectable within about 30 seconds to about
60 minutes or longer after the binding.

In another aspect, a method of detecting anti-drug anti-
bodies 1n a biological sample can be obtaining a biological
sample from a subject undergoing treatment with anti-VILA4
antibody, contacting the sample with a detectable capture
agent associated with a substrate, wherein the capture agent
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can bind an anti-anti-integrin antibody in the sample, and
detecting and correlating the binding of the capture agent to

the level of the anti-anti-integrin antibody to determine the
ellicacy of the treatment.

In another aspect, a kit for detecting anti-anti-VILA4
antibody 1n a biological sample includes a tester that
includes a substrate and a detectable capture agent associ-
ated with the substrate, wherein the capture agent can bind
an anti-anti-VLA4 antibody 1n the biological sample and a
chase buller.

Definitions

The articles “a” and “an” are used herein to refer to one
or to more than one (1.e., to at least one) of the grammatical
object of the article. By way of example, “an element”
means one element or more than one element.

The term “about™ 1s used herein to mean a value £20% of
a given numerical value. Thus, “about 60%” means a value
of between 60+£(20% of 60) (1.e., between 48 and 70).

The term “or” 1s used herein to mean, and 1s used
interchangeably with, the term “and/or,” unless context
clearly indicates otherwise.

As used herein, the term “purity,” “purified,” or “purifi-
cation” means the removal or 1solation of a molecule from
its environment by, for example, 1solation or separation.
“Substantially purified” molecules are at least about 60%
free, for example, at least about 75% 1ree, or at least about
90% 1free from other components with which they are
associated. In some cases, a substantially purified molecule
1s at least 60% free, 75% 1ree, 90%, or 95% {ree from other
components. As used herein, these terms also refer to the
removal ol contaminants from a sample.

As used herein, “sample” refers to anything that may
contain an analyte for which an analyte assay 1s desired. The
sample may be a biological sample, such as a biological fluid
or a biological tissue. Examples of biological fluids include
blood, serum, plasma, saliva, sputum, ocular lens fluid,
sweat, urine, milk, ascites tluid, mucous, synovial fluid,
peritoneal fluid, transdermal exudates, pharyngeal exudates,
bronchoalveolar lavage, tracheal aspirations, cerebrospinal
fluid, semen, cervical mucus, vaginal or urethral secretions,
amniotic fluid or the like. Biological tissues are aggregate of
cells, usually of a particular kind together with their inter-
cellular substance that form one of the structural materials of
a human, animal, plant, bacterial, fungal or viral structure,
including connective, epithelium, muscle and nerve tissues.
Examples of biological tissues also include organs, tumors,
lymph nodes, arteries and individual cell(s).

As used herein, “fluid sample” refers to a material sus-
pected of containing an analyte(s) of interest, which material
has suflicient fluidity to flow through a device or assay
described herein. A fluid sample can be obtained from a
source and used directly in an assay described herein or can
be pretreated so as to modity its character. Such samples can
include human, animal or man-made samples. The sample
can be prepared in any medium that does not interfere with
an assay described herein. Typically, the sample 1s an
aqueous solution or biological fluid described herein.

A fluid sample can be derived from any source, such as a
physiological fluid, including blood, serum, plasma, saliva,
sputum, ocular lens flmd, sweat, urine, milk, ascites fluid,
mucous, synovial tfluid, peritoneal fluid, transdermal exu-
dates, pharyngeal exudates, bronchoalveolar lavage, tra-
cheal aspirations, cerebrospinal fluid, semen, cervical
mucus, vaginal or urethral secretions, ammniotic fluid, and the
like. Fluid homogenates of cellular tissues such as, for
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example, hair, skin and nail scrapings. In addition, a solid
material to be assayed for the presence of an analyte can be
used as a test sample once 1t 1s modified to form a liquid
medium, e.g., and extract, or to release the analyte.

As used herein, “antigen” means any compound capable
of binding to an antibody, or against which antibodies can be
raised.

As used herein, “antibody” refers to a polypeptide sub-
stantially encoded by an immunoglobulin gene or immuno-
globulin genes, or fragments thereof. Recognized immuno-
globulin genes include the kappa, lambda, alpha, gamma,
delta, epsilon, and mu constant regions, as well as myrad
immunoglobulin variable region genes. Light chains are
classified as either kappa or lambda. Heavy chains are
classified as gamma, mu, alpha, delta, or epsilon, which 1n
turn define the immunoglobulin classes I1gG, IgM, IgA, IgD,
and IgE, respectively. Typically, an antibody 1s an immuno-
globulin having an area on its surface or 1n a cavity that
specifically binds to and 1s thereby defined as complemen-
tary with a particular spatial and polar organization of
another molecule. The antibody can be polyclonal or mono-
clonal. Antibodies may include a complete immunoglobulin
or fragments thereof. Fragments thereof can include, for
example, Fab, Fab', F(ab'),, Fv, single chain Fv (scFv), and
the like. Antibodies may also include chimeric antibodies or
fragment thereof made by recombinant methods. In some
cases the detected antibody 1s an IgG4 antibody. In an assay
as described herein, IgG4 half antibodies are detected,
complete IgG4 antibodies are detected, or both Ig(G4 half
antibodies and Ig(G4 complete antibodies are detected.

As used herein, the term “analyte” refers to a known or
unknown component of a sample, which will specifically
bind to a capture agent 1f the analyte and the capture agent
are members of a specific binding pair. In general, analytes
are biopolymers, e.g., an oligomer or polymer such as an
oligonucleotide, a polypeptide, (e.g., an antibody), or the
like. In some embodiments, an analyte can exist in a mobile
phase (such as 1n a fluid) to be detected by a capture agent.

As used herein, the term “labeled reagent” refers to a
substance comprising a detectable label attached to a spe-
cific binding agent. The attachment may be covalent or
non-covalent binding, but the method of attachment 1s not
critical. The label allows the labeled reagent to produce a
detectable signal that 1s related to the presence of an analyte
in a sample described herein. The specific binding agent
component of the labeled reagent 1s selected to directly or
indirectly bind to an analyte. The labeled reagent can be
assoclated with a substrate described herein, it can be
combined with a fluid sample to form a fluid solution, it can
be added to a substrate separately from a sample, or 1t can
be predeposited or reversibly immobilized on the substrate.
In addition, the specific binding agent may be labeled before
or during the performance of an assay described herein by
means of any suitable attachment method known 1n the art.
The detectable label can be a directly detectable label or a
label that 1s detected using indirect methods.

As used herein, the term “detectable signal” refers to a
signal produced by the binding of a capture agent with an
analyte. In some embodiments, a detectable signal 1s detect-
able by visual mspection. Without limitation, the type of
signal produced depends on the label used. Generally,
detectable signals indicating the presence or absence of an
analyte 1n a sample may be evident of their own accord, e.g.,
detectable as lines, plus or minus signs, or particularly
shaped symbols, or may be evident through comparison with
a reference, such as a color indicator reference.
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As used herein, the term “capture agent” refers to an agent
that binds an analyte through an interaction that 1s suflicient
to permit the agent to specifically bind an analyte. For
example, the capture agent can specifically bind an analyte
with a dissociation constant (K )) of less than about 107° M
without binding to other targets. The binding interaction can
be mediated by a binding site of the capture agent. Capture
agents can include, e.g., any polypeptide, e.g., an antibody.
Capture agents can be bound to a substrate or can be present
in solution.

As used herein, the term “specific binding” refers to
preferential binding of an agent to a particular analyte that
1s present 1 a mixture of different analytes. Typically,
specific binding differentiates between a desirable and unde-
sirable analytes 1n a sample. A specific binding agent typi-
cally differentiates between a desirable and undesirable
analyte by binding more than about 10 to 100-fold or more
to a desirable analyte 1n preference to other analytes. In

certain circumstances, such preferential binding can be at
least 1000- to 10,000-1old. For example, the athinity between
a capture agent and analyte when they are specifically bound
in a capture agent/analyte complex is at least about 10~" M,
at least about 107° M, at least about 10 M, at least about
10~'° M, or about at least 10~"" e.g., at least 107" M, at least
107® M, at least 107° M, at least 107'° M, or at least 107**.

As used herein, the term “capture agent/analyte complex”
1s a complex that results from the specific binding of a
capture agent with an analyte.

As used herein, “binding partners” refers to pairs of
molecules that can be found 1n a capture agent/analyte
complex, 1.e., exhibit specific binding with each other.

As used herein, the term “assessing” refers to any form of
measurement, and includes determining 11 an element 1s
present or not. The terms “determining”’, “measuring’,
“evaluating”, “assessing”’, and “assaying’ are used inter-
changeably and include both quantitative and qualitative
determinations.

As used herein, a “detectable label” refers to an atom
(e.g., radionuclide), molecule (e.g., fluorescein), or complex,
that 1s detected or can be used to detect (e.g., due to a
physical or chemical property) the presence of an analyte, or
to enable binding of another molecule to which it 1s cova-
lently bound or otherwise associated. The term also refers to
covalently bound or otherwise associated molecules (e.g., a
biomolecule such as an enzyme) that act on a substrate to
produce a detectable atom, molecule or complex. Detectable
labels 1include any composition detectable by spectroscopic,
photochemical, biochemical, immunochemical, electrical,
optical or chemical means. For example, labels include
biotin for staining with labeled streptavidin conjugate, mag-
netic beads (e.g., Dynabeads™), fluorescent dyes (e.g.,
fluorescein, Texas red, rhodamine, green fluorescent protein,
enhanced green tluorescent protein, and the like), radiolabels
(e.g., °H, '*°1, °S, "C, or **P), enzymes (e.g., hydrolases,
particularly phosphatases such as alkaline phosphatase,
esterases and glycosidases, or oxidoreductases, particularly
peroxidases such as horse radish peroxidase, and others
commonly used 1n ELISAs), substrates, cofactors, mhibi-
tors, chemiluminescent groups, chromogenic agents, and
colorimetric labels such as colloidal metallic particles (such
as gold), colloidal non-metallic particles (such as selenium
or tellurium), or colored glass or plastic (e.g., polystyrene,
polypropylene, latex, etc.) beads. Non-limiting examples of
patents disclosing such labels include U.S. Pat. Nos. 3,817,
837; 3,850,752; 3,939,350; 3,996,345; 4,277,437, 4,273,
149; and 4,366,241, each of which i1s incorporated by
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reference 1n 1ts entirety. Means of detecting such labels are
known to those of skill in the art.

As used herein, the terms ‘“sandwich”, ‘“sandwich

ELISA”, “sandwich diagnostic”, and “capture ELISA” refer

to the concept of detecting an analyte with two or more
different test agents. For example, a capture agent can be
directly or indirectly attached to a substrate, and a test
sample can be passed over the surface of the substrate
allowing the capture agent to specifically bind its cognate
analyte. A labeled reagent, e.g., a labeled antibody or alter-
native detection reagent (which can bind the analyte), can
then be used to determine whether a capture agent specifi-
cally bound the analyte.

As used herein, the term “‘substrate” means any support
capable of binding or being associated with a capture agent.
Well-known substrates include glass, polystyrene, polypro-
pylene, polyethylene, dextran, nylon, amylases, natural and
modified celluloses, polyacrylamides, agarose, and magne-
tite. The nature of the substrate can be either soluble to some
extent or insoluble. The structure of the substrate 1s not
limiting, and the substrate can have any structural configu-
ration so long as the capture agent 1s capable of binding to
an analyte. Thus, the structural configuration can be spheri-
cal, as 1n a bead, or cylindrical, as 1n the inside surface of a
test tube, or the external surface of a rod. Alternatively, the
surface can be flat, such as a sheet, culture dish, test strip,
etc. Those skilled 1n the art will know many other suitable
substrates for binding or being associated with a capture
agent, or can ascertain the same by routine experimentation.

As used herein, the term “‘subject” refers to any animal,
¢.g., a mammal, human or non-human. Exemplary subjects
include, but are not limited to, humans, non-human pri-
mates, mice, rats, guinea pigs, cattle, sheep, goats, pigs,
dogs, cats, birds, deer, elk, rabbit, reindeer, deer, and horses.

As used herein, the term “measuring the level of” refers
to detection both quantitatively and qualitatively.

The following figures are presented for the purpose of
illustration only, and are not intended to be limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic of the lateral flow apparatus and the
results of a test corresponding to Example 1 following the
loading of various components.

FIG. 2 1s a schematic of the lateral flow apparatus and the
results of a test corresponding to Example 2 following the
loading of various components.

FIG. 3 1s a schematic of the lateral flow apparatus and the
results of a test corresponding to Example 3 following the
loading of various components.

FIG. 4 1s a schematic of the lateral flow apparatus and the
results of a test corresponding to Example 4 following the
loading of various components.

Other features and advantages of the invention will be
apparent from the following detailed description, and from
the claims.

DETAILED DESCRIPTION

Unless otherwise defined, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although methods and materials similar
or equivalent to those described herein can be used in the
practice or testing of the present invention, suitable methods
and materials are described below. All publications, patent
applications, patents, and other references mentioned herein,
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including GenBank database sequences, are incorporated by
reference 1n their entirety. In case of contlict, the present
specification, including definitions, will control. In addition,
the materials, methods, and examples are illustrative only
and not mtended to be limiting.

Patients receiving drug therapies that are immuno-modu-
latory are vulnerable to certain diseases such as progressive
multifocal leukoencephalopathy (PML). For example, PML
has been reported 1n patients treated with natalizumab. It has
been found that one method of treating such subjects 1s to
reduce the amount (e.g., plasma concentration) of the
immuno-modulatory therapeutic agent (e.g., natalizumab) 1n
the patient. Because of the rapid progression of the disease
and the wide geographic distribution of patients, as well as
other 1ssues, there 1s a need for a rapid, reliable test that can
be used to determine the level of the drug 1n the patient. It
1s an advantage for the test to be formatted so 1t can be
administered and accurately interpreted within a short period
of time. This 1s a particular 1ssue with an immuno-modula-
tory therapy, which may be difficult to distinguish from a
patient’s own antibodies. Accordingly, this problem has
been solved by using a rapid test design that can accurately
and easily be used by physicians to determine whether the
level of an immuno-modulatory therapy has been suil-
ciently modulated to increase the likelihood of mitigating
the progression of an active case of PML. By varying the
dosage of the immuno-modulatory therapy, the progression
of a patient’s disease state can be alleviated. Because
variance of the dosage of the immuno-modulatory therapy 1s
important for treatment, assays described herein can also be
used to rapidly monitor drug level 1n a patient, for example,
in multiple sclerosis patients including pediatric patients. In
another embodiment, assays provided herein can detect
anti-integrin antibodies 1n a subject who was treated with a
natalizumab and has been diagnosed with or 1s suspected of
having a JC virus infection. The JC virus 1s a type of human
polyomavirus which can cause PML and other diseases in
patients with immunodeficiency or in patients treated with
drug intended to induce a state of immmnosuppression (e.g.
organ transplant patients).

In addition, assays are provided herein to detect anti-drug,
antibodies. The presence of such antibodies 1n a subject may
impact drug exposure and/or result in infusion related
adverse events, for example, as has been reported upon
treatment with a humanized anti-VLA-4 antibody. There-
fore, assays for the detection of anti-drug antibodies (e.g.,
the drug being the anti-VLA-4 antibody; the anti-drug
antibodies being anti-anti-VLA-4 antibodies) can be useful
for treatment using the drug of interest (e.g., an anti1-VL A-4
drug such as a natalizumab).

In general, the apparatus 1s a solid substrate associated
with a capture agent that can be used to specifically detect
the i1mmuno-modulatory therapeutic agent (e.g., natali-
zumab) or antibodies against an immuno-modulatory agent
(e.g., anti-drug antibody such as antibodies against natali-
zumab). In some cases, the detection 1s calibrated to provide
a method of determining whether the amount of 1mmuno-
modulatory therapeutic agent or anti-drug antibody 1s above
or below a specified concentration or titer. Such information
can be correlated with whether additional therapy (e.g.,
plasmapheresm) 1s needed to further reduce the amount of
the immuno-modulatory therapeutic agent in the patient,
thereby mitigating the risk associated with PML.

Also provided herein 1s a kit suitable for testing for the
presence of an immuno-modulatory therapeutic agent such
as natalizumab, or antibodies against such an 1mmuno-
modulatory therapeutic reagent. A kit will generally include
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at least one reagent or apparatus as described herein for
detecting the immuno-modulatory therapeutic agent or anti-
bodies against an immuno-modulatory agent. The kit can
also include instructions for use of the reagents and/or
apparatus. Such 1nstructions can also include use of the kat
for determining an amount of an analyte and interpretation
of assay results. For example, the instructions can provide
guidance as to whether detection of a specified level of a
natalizumab 1s suflicient to treat a subject having or sus-
pected of having PML.
Apparatus for Assaying Analytes

Various analytical devices are known to those of skill 1n
the art, and such analytical devices can be adapted to utilize
one or more capture agents, e.g., an antibody described
herein, to assay one or more analytes, e.g., an anti-integrin
antibody such as an anti-VLA-4 (e.g., a natalizumab), e.g.,
an anti-drug antibody (e.g., anti-natalizumab) described
herein. Nonlimiting examples include dipstick or tester,
lateral flow, dual flow and flow-through devices, particularly

those that are immunoassays. Non-limiting examples of
lateral flow devices include those described 1n U.S. Pat. Nos.

4,818,677, 4,943,522, 5,096,837 (RE 35,306), 5,096,837,
5,118,428, 5,118,630, 5,221,616, 5,223,220, 5,225,328,
5,415,994, 5,434,057, 5,521,102, 5,536,646, 5,541,069,
5,686,315, 35,763,262, 5,766,961, 5,770,460, 5,773,234,
>,786,220, 35,804,452, 5,814,455, 5,939,331, 6,306,642,

cach of which 1s incorporated by reference in its entirety.
Other non-limiting examples of lateral flow devices include
U.S. Pat. Nos. 4,703,017, 6,187,598, 6,352,862, 6,485,982,
6,534,320 and 6,767,714, each of which 1s incorporated by
reference 1n 1ts entirety. Non-limiting examples of dipstick
devices 1include those described 1n U.S. Pat. Nos. 4,235,601,
5,559,041, 5,712,172 and 6,790,611, each of which 1s 1ncor-
porated by reference in its entirety.

An apparatus for assaying the level of an analyte can
include a substrate, e.g., a substrate with which a capture
agent 1s associated. Non-limiting examples of substrates
include glass, polystyrene, polypropylene, polyethylene,
dextran, nylon, amylases, natural and modified celluloses,
polyacrylamides, agarose, and magnetite. The substrate can
have any structural configuration so long as the capture
agent 1s capable of binding to an analyte.

In some 1nstances, the substrate 1s housed 1n a support,
¢.g., a support that 1s spherical, as 1n a bead, or cylindrical,
as 1n the 1nside surface of a test tube, or the external surface
of a rod. Alternatively, the substrate or support can be flat,
such as a sheet, culture dish, test strip, and the like.

In one example, the apparatus 1s a lateral tlow apparatus
that includes a sample receiving zone, a label zone, a test
zone and a control zone. In some 1nstances, a test region
comprises the test and control zones. In some instances, the
test region, which comprises the test and control zones, 1s
observable.

In certain examples, the sample receiving zone accepts a
fluid sample that may contain one or more analytes of
interest. In another example, the sample receiving zone 1s
dipped into a fluid sample. A label zone 1s located down-
stream of the sample receiving zone, and contains one or
more mobile labeled reagents that recognize, or are capable
of binding, one or more analytes of interest. Further, a test
region 1s disposed downstream from the label zone, and
contains test and control zones. The test zone(s) generally
contain a capture agent associated with the substrate at the
test zone. In certain instances, the capture agent 1s 1mmo-
bilized on the substrate at the test zone. Generally, the
immobilized capture agent specifically binds to the analyte
ol interest.
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As the tluid sample flows along the substrate, the analyte
of mterest will first bind with a mobilizable labeled reagent
in the label zone, and then become restrained in the test
zone. In some examples, the test region 1s comprised of a
material that 1s opaque 1n a dry state and transparent 1n a
moist state. Thus, when a control zone comprising a mark on
the device 1s utilized, this mark 1s positioned about the test
region such that it becomes visible within the test region
when the test region 1s 1n a moist state.

In another instance, the fluid sample tlows along a flow
path running from the sample receiving zone (upstream),
through the label zone, and then to the test and control zones
(together comprised 1n a test region) (downstream). Option-
ally, the fluid sample may thereafter continue to the absor-
bent zone.

In another example, the sample recerving zone 1s com-
posed of an absorbent application pad. Suitable materials for
manufacturing absorbent application pads include, but are
not limited to, hydrophilic polyethylene materials or pads,
acrylic fiber, glass fiber, filter paper or pads, desiccated
paper, paper pulp, fabric, and the like. For example, the
sample recerving zone may be composed of a material such
as a nonwoven spunlaced acrylic fiber (e.g., available from
DuPont Nonwovens) or HDK material (available from HDK
Industries, Inc., Rogersville, Tenn.). In another example, the
sample receiving zone 1s constructed from any material that
1s capable of absorbing water.

In other examples, the test device 1s configured to perform
an immunological assay. In some 1nstances, the liquid trans-
port along the substrate 1s based upon capillary action. In
another situation, the liquid transport along the substrate 1s
based on non-bibulous lateral flow, wherein all of the
dissolved or dispersed components of the liquid sample are
carried at substantially equal rates and with relatively unim-
paired flow laterally through the substrate, as opposed to
preferential retention of one or more components as would
occur, e.g., in materials that interact, chemically, physically,
ionically or otherwise with one or more components (see, for
example, U.S. Pat. No. 4,943,522, which 1s incorporated by
reference 1n its entirety).

The labeling zone of immunoassay devices can also
include control-type reagents. These labeled control
reagents often comprise detectable moieties that will not
become restrained in the test zones and that are carried
through to the test region and control zone(s) by fluid sample
flow through the device. In some instances, these detectable
moieties are coupled to a member of a specific binding pair
to form a control conjugate that can then be restrained 1n a
separate control zone of the test region by a corresponding
member of the specific binding pair to verify that the flow of
liquid 1s as expected. The visible moieties used 1n the labeled
control reagents can be the same or different color, or of the
same or different type, as those used 1n the analyte of interest
specific labeled reagents.

The test region generally includes a control zone that 1s
uselul to verity that the sample flow 1s as expected. Each of
the control zones can comprise a spatially distinct region
that can include an immobilized member of a specific
binding pair that reacts with a labeled control reagent. In
some examples, the procedural control zone contains an
authentic sample of the analyte of interest, or a fragment
thereol. In this mstance, one type of labeled reagent can be
utilized, wherein fluid sample transports the labeled reagent
to the test and control zones; and the labeled reagent not
bound to an analyte of interest will then bind to the authentic
sample of the analyte of interest positioned in the control
zone. In another example, the control line contains antibody
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that 1s specific for, or otherwise provides for, the 1mmobi-
lization of the labeled reagent. In operation, a labeled
reagent 1s restrained 1 each of the one or more control
zones, even when any or all the analytes of interest are
absent from the test sample.

Capture Agents

Various capture agents can be used 1n the methods and
apparatus described herein, provided the capture agent spe-
cifically binds an analyte of interest to form a capture
agent/analyte complex. In certain instances, the capture
agent 1s an antigen, €.g., an integrin, and the analyte of
interest 1s an antibody, €.g., an anti-integrin antibody or an
alpha 4 integrin binding antibody (e.g. natalizumab) or an
anti-drug antibody, e.g., anti-anti-VL.A4 integrin chain anti-
body.

In some situations, the capture agent 1s a polypeptide, e.g.,
an antibody, that binds to an analyte of interest. Any anti-
body that specifically binds to an analyte can be utilized as
a capture agent. For example, the antibody can be a poly-
clonal antibody; a monoclonal antibody or antigen binding
fragment thereof; a modified antibody such as a chimeric
antibody, reshaped antibody, humanized antibody, or frag-
ment thereot (e.g., Fab', Fab, F(ab'),); or a biosynthetic
antibody, e.g., a single chain antibody, single domain anti-
body (DAB), Fv, single chain Fv (scFv), or the like.

Methods of making and using polyclonal and monoclonal
antibodies are described, e.g., 1n Harlow et al., Using
Antibodies: A Laboratory Manual: Portable Protocol 1.
Cold Spring Harbor Laboratory (Dec. 1, 1998), which 1s
incorporated by reference 1n 1ts entirety. Methods for making
modified antibodies and antibody fragments (e.g., chimeric
antibodies, reshaped antibodies, humanized antibodies, or
fragments thereof, e.g., Fab', Fab, F(ab'), fragments); or
biosynthetic antibodies (e.g., single chain antibodies, single
domain antibodies (DABs), Fv, single chain Fv (scFv), and
the like), are known 1n the art and can be found, e.g., 1n Zola,
Monoclonal Antibodies: Preparation and Use of Monoclo-
nal Antibodies and Engineered Antibody Derivatives,
Springer Verlag (Dec. 15, 2000; 1st edition), which 1s
incorporated by reference in 1ts entirety.

In particular istances, the capture agent 1s an antibody
that can specifically bind an anti-integrin antibody (e.g., an
ant1 anti-VLA-4 antibody such as an anti-natalizumab), such
as the rat 12C2 antibody, murine 12C4 antibody, or a
suitable rabbit antibody. In another embodiment, the capture
agent 1s an anti-VLA-4 antibody, such as natalizumab, that
can specifically bind to an anti-(anti-VLA-4 antibody) anti-
body.

Analytes

The methods and apparatus described herein can be used
to assay the level of an analyte of interest, e.g., 1mn a
biological sample from a subject. Exemplary analytes
include, without limitation, toxins, organic compounds,
polypeptides, microorganisms, bacteria, viruses, amino
acids, nucleic acids, carbohydrates, hormones, steroids, vita-
mins, drugs (including those administered for therapeutic
purposes as well as those administered for 1llicit purposes),
pollutants, pesticides, and metabolites of or antibodies to
any ol the above substances. Any antigenic substance,
hapten, antibody, macromolecule, and combinations thereof,
can also be an analyte assayed using a method or an
apparatus described herein. In particular instances, the ana-
lyte 1s an antibody, such as an anti-integrin antibody.

Integrins are known in the art (see, e.g., Takeda et al.,
Genome Biol. 8:215 (2007)), which 1s incorporated by
reference 1n its entirety, and the level of any anti-integrin
antibody can be assayed using a method or an apparatus
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described herein. An antibody can be, e.g., a polyclonal
antibody; a monoclonal antibody or antigen binding frag-
ment thereof; a modified antibody such as a chimeric
antibody, reshaped antibody, humanized antibody, or frag-
ment thereof (e.g., Fab', Fab, F(ab'),); or a biosynthetic
antibody, e.g., a single chain antibody, single domain anti-
body (DAB), Fv, single chain Fv (scFv), or the like. The
antibody can be naturally produced by the subject or one that
1s administered to the subject.

In some instances, the analyte 1s an anti-VLA-4 antibody,
¢.g., a humanized anti-VLA-4 antibody, for example a
natalizumab. TYSABRI® and other biologically active ana-
logues, variants or derivatives of TYSABRI®, including
biosimilars and biologics substantially similar thereto,
qualily as a natalizumab. In particular situations, the analyte
1s an anti-VLA-4 antibody previously administered to the
subject, e.g., as a therapeutic antibody. The analyte can be,
for example, a natalizumab. In another situation, the analyte
1s an anfi-(anti-VLA-4 antibody) antibody. The analyte can
be, for example, anti-natalizumab antibody.

Biological Samples

Biological samples to be assayed for the presence of
analyte using the methods and apparatus described herein
can be obtamned from any subject, e.g., a human or a
non-human subject. In some embodiments, the biological
sample 1s obtained from a living human subject.

In some instances, the subject from whom the sample 1s
obtained 1s apparently healthy, where the assay 1s performed
as a part of routine screening. In other embodiments, the
subject has been provisionally diagnosed as having a disease
or disorder and has undergone treatment, e.g., with an
anti-integrin antibody, e.g., an anti-VLA-4 antibody. The
biological sample can be from a subject who has been
treated to decrease the amount of analyte. In some cases, a
sample from a subject 1s tested using a method described
herein before the subject undergoes a treatment, e.g., to
modulate the amount of analyte 1n the subject or to establish
the baseline level of analyte 1n the subject or to establish the
suitability of the treatment, and after the subject has been
treated, e.g., to momtor and/or to modulate the amount of
analyte 1n the subject.

The biological sample can be denived from any tissue,
organ or group ol cells of the subject. In some circum-
stances, the biological sample 1s a cervical scrape, biopsy, or
lavage obtained from a subject. In other instances, the
sample 1s a blood, plasma, serum, or urine sample.

In some situations, the biological sample can be pro-
cessed, e.g., to remove certain components that may inter-
tere with a method described herein, using methods that are
known 1n the art. For example, the biological sample can be
processed to be enriched for proteins, e.g., by salt precipi-
tation, and the like.

In certain methods described herein, the level of an
analyte 1n a sample can be quantified and/or compared to
controls. Suitable control samples can be, e.g., from 1ndi-
viduals who have not received a treatment, e.g., an anti-
integrin antibody treatment, e.g., an anti-VLA-4 antibody
treatment. Control samples can be from 1ndividuals geneti-
cally related to the subject being assayed, but can also be
from genetically unrelated individuals. In some cases, the
control 1s an established reference. In other instances, the
level of an analyte, e.g., an anti-integrin antibody, 1s quan-
tified using known methods. In yet other situations, the
presence or absence of an analyte, e.g., an anfti-integrin
antibody, within a sample 1s determined by visual inspection
of the assay.
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In certain embodiments, a sample 1s contacted to a solid
support-bound capture agent under conditions suitable for
binding of the capture agent to analytes in the sample, and,
alter separation of unbound sample analytes from the bound
analytes, the bound analytes are detected as described
herein.

Methods of Assaying

In some situations, an analyte, €.g., an anti-integrin anti-
body, e.g., an anti-VLA-4 antibody, or e.g., an anti-(anti-
VLA-4 antibody) antibody, can be assayed using a method
selected from a variety of immunoassay methods, both
qualitatively and quantitatively. Immunological and immu-
noassay procedures are known and described 1n, e.g., Stites
et al. (eds.) Basic and Clinical Immunology (4th ed.) Lange
Medical Publications, Los Altos, Calif., which 1s 1ncorpo-
rated by reference 1n its enfirety. Immunoassays can be
performed 1n any of several configurations known 1n the art
and described 1n, e.g., Maggio Enzyme Immunoassay, CRC
Press, Boca Raton, Fla. (1980); Tijssen, “Practice and
Theory of Enzyme Immunoassays,” Laboratory Technigues
in Biochemistry and Molecular Biology, Burdon and van
Knippenberg Eds., Elsevier (1985), pp 9-20; and Harlow and
Lane, Antibodies, A Laboratory Manual, Cold Spring Har-
bor Publications, NY (1988), each of which 1s incorporated
by reference 1n 1ts entirety.

Immunological Binding Assays

In some 1nstances, an analyte, e.g., an anti-integrin anti-
body, or e.g., an anti-drug antibody, 1s detected and/or

quantified using any of a number of known immunological
binding assays (see, e¢.g., U.S. Pat. Nos. 4,366,241, 4,376,

110; 4,517,288; 4,837,168; and Asai, Methods 1n Cell Biol-
ogy Volume 37: Antibodies in Cell Biology, Academic Press,
Inc. NY (1993), each of which 1s incorporated by reference
n its entirety).

Immunoassays can also utilize a labeled reagent to spe-
cifically bind to and label the capture agent/analyte complex.
The labeled reagent may itsell be one of the moieties
comprising the capture agent/analyte complex. Alterna-
tively, the labeled reagent may be a third moiety, such as an
antibody, that specifically binds to the analyte or the capture
agent/analyte complex.

In some situations, the analyte 1s an antibody, e.g., an
anti-integrin antibody, or e.g., an anti-drug antibody, and the
labeled reagent 1s a second antibody bearing a label. Alter-
natively, the second antibody may lack a label, but 1t may, in
turn, be bound by a labeled reagent that includes a third
antibody specific to antibodies of the species from which the
second antibody 1s dertved. The second antibody can be
modified with a detectable moiety, such as biotin, to which
a labeled reagent can specifically bind, such as enzyme-
labeled streptavidin.

Other proteins that can specifically bind immunoglobulin
constant regions, such as protein A or protein G, can also be
used as the labeled reagent. These proteins are normal
constituents of the cell walls of streptococcal bacteria. They
exhibit a strong non-immunogenic reactivity with 1mmuno-
globulin constant regions from a variety of species (see, e.g.,
Kronval et al., J. Immunol. 111:1401-1406 (1973); and
Akerstrom et al., J. Immunol. 135:2589-2542 (19835), which
1s 1incorporated by reference 1n 1ts entirety).

Throughout the methods and assays described herein,
incubation and/or washing steps may be required after one
or more combination of reagents. Incubations carried out
during the assay can vary from about 5 seconds to several
hours, 1n general, from about 5 minutes to about 24 hours.
The incubation time will depend upon the assay format,
analyte, volume of solution, concentrations, and the like. In
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general, an assay 1s carried out at ambient temperature,
although an assay can be conducted over a range of tem-
peratures, such as about 4° C. to about 40° C., e.g., 4° C.-10°
C., or 4° C.-25° C.

1. Non-Competitive Assay Formats

Immunoassays for detecting an analyte of interest, e.g., an
anti-integrin antibody, or e.g., an anti-drug antibody, from
samples can be competitive or noncompetitive. Noncom-
petitive immunoassays are assays in which the amount of
analyte 1n a capture agent/analyte complex 1s directly mea-
sured. In a “sandwich”™ assay, for example, the capture agent
can be bound directly to a solid substrate where it 1s
immobilized. These immobilized capture agents can then
specifically bind an analyte present 1in a test sample. The
analyte, e.g., anfi-integrin antibody, or e.g., an anti-drug
antibody, thus immobilized 1s then bound by a labeled
reagent, such as a second antibody bearing a label. Alter-
natively, the second antibody may lack a label, but 1t may, in
turn, be bound by a labeled reagent that 1s a third antibody
specific to antibodies of the species from which the second
antibody 1s derived. The second antibody can be modified
with a detectable moiety, such as biotin, to which a third
labeled reagent can specifically bind, such as enzyme-
labeled streptavidin.

2. Competitive Assay Formats

In competitive assays, the amount of analyte (such as an
anti-integrin antibody or an anti-drug antibody) present 1n a
sample 1s measured indirectly by measuring the amount of
an added (exogenous) analyte displaced (or competed away)
from a capture agent (e.g., an antibody specific for the
analyte) by the analyte present in the sample. In one com-
petitive assay, a known amount of an analyte, e¢.g., anti-
integrin antibody, or e.g., an anti-drug antibody, 1s added to
the sample and the sample 1s then contacted with a capture
agent, e.g., an antibody that specifically binds to an anti-
integrin antibody: The amount of analyte bound to the
capture agent, ¢.g., antibody, 1s inversely proportional to the
concentration ol analyte present in the sample. In a particu-
lar example, the capture agent, e.g., an antibody that binds
to an anti-integrin antibody, 1s immobilized on a solid
substrate. For example, the amount of the analyte, e.g.,
anti-integrin antibody, or e.g., an anti-drug antibody, bound
to the capture agent, e.g., antibody that binds an anti-integrin
antibody, or e.g., drug that anti-drug antibody binds to, may
be determined either by measuring the amount of analyte
present 1n a capture agent/analyte complex or, alternatively,
by measuring the amount of remaimng uncomplexed ana-
lyte. The amount of analyte may be detected by providing a
labeled reagent.

3. Other Assay Formats

In other instances, when the analyte i1s a polypeptide,
western blot (immunoblot) analysis can be used to detect
and quantity the presence of the polypeptide 1mn a sample.
The technique generally comprises separating sample pro-
teins by gel electrophoresis on the basis of molecular weight,
transierring the separated proteins to a suitable solid support
(such as, e.g., a nitrocellulose filter, a nylon filter, or a
derivatized nylon filter), and 1incubating the sample with the
antibodies that specifically bind the polypeptide of interest.
For example, the antibodies specifically bind to a polypep-
tide of interest on the solid support. These antibodies may be
directly labeled or alternatively may be subsequently
detected using labeled antibodies (e.g., labeled sheep anti-
mouse antibodies) that specifically bind to the antibodies
against the polypeptide of interest.

Other assay formats include liposome immunoassays
(LIA), which use liposomes designed to bind specific mol-
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ecules (e.g., antibodies) and release encapsulated reagents or
markers. The released chemicals are then detected according
to standard techniques (see, e.g., Monroe et al., Amer. Clin.
Prod. Rev. 5:34-41(1986), which 1s incorporated by refer-
ence 1n its entirety).

4. Labeled Reagents

The detectable label used 1n a method or apparatus
described herein 1s not limiting as long as i1t does not
significantly interfere with the specific binding of the labeled
reagent used i1n the method or apparatus. The detectable
label can be any maternial having a detectable physical or
chemical property. Such detectable labels have been well
developed 1n the field of immunoassays and, 1n general,
most labels useful 1n such methods can be used in the
methods and apparatus described herein. A label can be, e.g.,
any composition detectable by spectroscopic, photochemi-
cal, biochemical, immunochemical, electrical, optical or
chemical means. Useful labels 1n the methods and apparatus
described herein include, without limitation, magnetic beads
(e.g., Dynabeads™), fluorescent dyes (e.g., fluorescein 1so-
thiocyanate, Texas red, rhodamine, and the like), radiolabels
(e.g., °H, "*°1, *°S, "*C, or °*P), enzymes (e.g., horseradish
peroxidase, alkaline phosphatase and others that can be used
in an ELISA), and colorimetric or particulate labels such as
colloidal gold or colored glass or plastic (e.g., polystyrene,
polypropylene, latex, etc.) beads.

The label can be coupled directly or indirectly to the
desired component of the assay according to methods known
in the art. As described herein, a wide vanety of labels can
be used, with the choice of label depending on the sensitivity
required, the ease ol conjugation, stability requirements,
available instrumentation, and disposal provisions.

Non-radioactive labels can be attached by indirect means.
Molecules can also be conjugated directly to signal gener-
ating compounds, €.g., by conjugation with an enzyme or
fluorescent compound. A variety of enzymes and fluorescent
compounds can be used with the methods and apparatus
described herein and are well-known to those of skill 1n the
art (see, e.g., U.S. Pat. No. 4,391,904, which i1s incorporated
by reference 1n its entirety).

Means of detecting labels are known to those of skill 1n
the art. Thus, for example, where the label 1s a radioactive
label, means for detection include a scintillation counter or
photographic film as in autoradiography. Where the label 1s
a fluorescent label, 1t can be detected by exciting the
fluorochrome with the appropriate wavelength of light and
detecting the resulting fluorescence. The fluorescence can be
detected visually, by means of photographic film, by the use
of electronic detectors such as charge-coupled devices
(CCDs) or photomultipliers and the like. Similarly, enzy-
matic labels can be detected by providing the appropnate
substrates for the enzyme and detecting the resulting reac-
tion product. Finally simple colorimetric labels can be
detected directly by observing the color associated with the
label. Thus, 1n various dipstick assays, conjugated gold often
appears pink, while various conjugated beads appear the
color of the bead.

Some assay formats do not require the use of labeled
reagents. For instance, agglutination assays can be used to
detect the presence of target antibodies. In this case, antigen-
coated particles are agglutinated by samples comprising
target antibodies. In this format, none of the assay compo-
nents need to be labeled, and the presence of the target
antibody 1s detected by simple visual mspection.

After detection of a detectable signal, the signal can be
compared to a reference and/or correlated with a predeter-
mined level corresponding to treatment recommendations.
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For example, 1n an assay to detect the level of an ant1-VLA-4
antibody 1n a subject being treated with plasmapheresis to
reduce the amount of the antibody, a level of signal below
a predetermined level may be correlated with a recommen-
dation that further plasmapheresis 1s not required. A signal
correlated with a higher level may indicate that additional
plasmapheresis 1s advisable.

Detection of signal 1n an assay described herein can be
visual, but may also be performed using a reader to detect a
signal. Such readers include, for example, automated plate
readers, EIA readers, and the like. Readers can be used for
semi-quantitative or quantitative determination of the con-
centration for tested analytes. Semi-quantitative or quanti-
tative determination of concentration can be depicted using
a colorimetric system.

5. Secondary Agents

The secondary agents used mm a method or apparatus
described herein can be used to detect binding of the capture
agent to the antibody, The secondary agent can be an
antibody that has a detectable label attached, either cova-
lently or non-covalently. The detectable label attached to the
secondary agent can be a detectable label as previously
described. The secondary agent can be a non-specific anti-
body, or antibodies that recogmize the analyte or fragments
thereol or polypeptides that recognize the analyte. The
secondary agent can include anti-IgG4 antibody, for
example, anti-human IgG4 or anti-human IgG4 that reacts
with the Fc portion of the heavy chain of human 1gG4.

6. Time

Binding of the capture agent to the antibody can be
detectable within about 30 seconds, 1 minute, S minutes, 10
minutes, 20 minutes, 30 minutes, 40 minutes, SO minutes, 1
hour, 2 hours, 5 hours, or 10 hours after the binding.

7. Bufler

Any suitable bufler for immunological assays can be used
as a chase buller as determined by a person of skill 1n the art.
The chase bufler can include a surfactant. Any suitable
surfactant can be used. A surfactant can be a polysorbate
surfactant such as TWEEN 20 ®, TWEEN 40 ®, TWEEN
60 ®, TWEEN 80 ®, SPAN 20 ®, SPAN 40 ®, SPAN 60 ®,
SPAN 65 ®, and SPAN 80 ®. The buller can also include a
builered Sahne such as Tris buflered saline (TBS) or phos-
phate buflered saline (PBS). The bufler can also include a
blocking agent, for example a protein such as bovine serum
albumin (BSA), milk or gelatin.

Ireatments

The assays described herein can be performed before
and/or after administering a treatment to a subject. In some
instances, the treatment 1s a treatment to remove an analyte
or component from the subject, such as from the blood of a
subject. In particular situations, the treatment i1s blood
apheresis, such as plasma exchange, to remove one or more
antibodies from the subject.

Blood apheresis 1s a common medical use of continuous
fluid separation. Apheresis has many clinical uses, including
multiple therapies that involve removing blood from a
subject’s body, separating the blood 1into components, alter-
ing one or more of the components, and putting some
mixture or selection from the removed and/or altered tfluid
back into the subject’s body. Some exemplary therapeutic
apheresis procedures include therapeutic plasma exchange
(TPE or PLEX) (a procedure by which cell-free plasma 1s
removed and replaced with colloid/saline solution); cytore-
duction (a process by which platelets and white blood cells
are removed); photopheresis (a procedure by which mono-
nuclear cells collected by therapeutic apheresis are exposed
to ultraviolet-A light and psoralen, and remnfused into the
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subject); and selective adsorption (a process by which
plasma 1s adsorbed on a column and returned to the subject).

In one exemplary apheresis procedure, blood 1s with-
drawn from a subject through a needle 1nserted into the vein
of the subject. The needle 1s attached to one end of a plastic
tube that provides a flow path for the blood. The other end
of the tube leads to a separator, such as a centrifuge, for
separating the blood mto 1ts components. Flow-through
centrifuges that allow for the continuous inflow and outtlow
of materials to and from the centrifuge are well known 1n the
art (see, for example, U.S. Pat. No. 4,425,112, which 1s
incorporated by reference 1n 1ts entirety). The blood that 1s
separated mto plasma and cells can be returned to the subject
through the other arm. A plasma substitute or an altered
plasma can be recombined with the blood elements to be
returned to the subject. Since the rate of blood being
withdrawn from the subject and the blood returning to the
subject can be at the same rate, only a small amount of the
subject’s blood can be outside of the body at any time.

Another apheresis procedure utilizes an automated system
that uses disposable, pre-sterilized fluid circuits through
which the blood flows. The fluid circuits are mounted on
reusable machines that may have pumps, valves, sensors,
and the like. These automated systems further include an
internal computer and associated soltware programs that
control many of the processing functions. One exemplary
automated system 1s described i U.S. Pat. No. 6,706,008,
which 1s incorporated by reference in its entirety. Other
methods and apparatus for apheresis are described 1n, e.g.,
U.S. Pat. Nos. 7,267,771, 6,849,183; 5,200,090; and 4,954,
128, each of which i1s incorporated by reference in 1ts
entirety.

In some situations, the level of an anti-integrin antibody
or an anti-drug antibody described herein 1s assayed before
administering a treatment to a subject. In other situations,
the level of an anti-integrin antibody or an anti-drug anti-
body 1s assayed after administering a treatment to a subject.
For example, the level of an anti-integrin antibody or
anti-drug antibody 1s assayed one day, two days, three days,
four days, five days, six days, one week, two weeks, three
weeks, or four weeks after the administration of the treat-
ment. Such assays can be administered as part of a treatment
regime, for example to periodically monitor drug levels or
levels of anti-drug antibodies. In certain instances, the
treatment 1s administered and the level of an anti-integrin
antibody or anti-drug antibody assayed in repeated cycles of
treatment and assay, for example, until the level of the
anti-integrin antibody 1n the sample reaches a predetermined
level. For example, the predetermined level can be about 1
ug/ml, about 2 ug/ml, about 3 ug/ml, about 4 ug/ml, about
S ug/ml, about 6 ug/ml, about 7 ug/ml, about 8 ug/ml, about
9 ug/ml, about 10 ug/ml, about 15 ug/ml, or about 20 pg/ml.
In some cases, the predetermined level 1s 1 ug/ml, 2 pg/ml,
3 ug/ml, 4 ug/ml, 5 ug/ml, 6 ug/ml, 7 ug/ml, 8 png/ml, 9
ug/ml, 10 ug/ml, 15 png/ml, or 20 ug/ml. The treatments can
be administered, e.g., once a day, or once every two days,

three days, four days, five days, six days, one week, two
weeks, three weeks, four weeks, every three months, every
four months, every six months, or annually.

The invention 1s further illustrated by the following
examples. The examples are provided for illustrative pur-
poses only. They are not to be construed as limiting the
scope or content of the invention 1 any way.



US 10,302,654 B2

19
EXAMPLES

Example 1

Development of a Test to Assay Anti-VLA-4
Antibody 1 Bufler Using Rat 12C2 mAb or Mouse
12C4 mAb and Anti-human IgG4-Gold Conjugates

A lateral flow immunochromatographic test system was
used to develop an anti-VLA-4 specific test. Referring to
FIG. 1, the lateral flow test system was composed of a two
part plastic cassette (top 100 and bottom 101). The top part
contained two openings—one opening 102 for the applica-
tion of samples 110 and chase buiflfer 118 and a window 103
for visual detection of the results. The lower part accom-
modated a nitrocellulose test strip 104 on which the rat 12C2
mAb or mouse 12C4 mAb 105 was immobilized at a “test
site” (*“I””) 106 and a umiversal gold capture reagent 107 at
a “control site” (“C”) 108.

Upstream from the test and control sites, there was a “gold
pad” 109 of fibrous material where a mouse anti-human
IgG4 was conjugated to gold particles, the complex being
112. Further upstream from the gold conjugate pad was
another fibrous pad 111 that received the sample humanized
ant1-VLA-4 antibody 1n buftler (110) and chase bufler 118 via
opening 102. The sample pad 111, gold pad 109, and
nitrocellulose membrane 104 were in sequential order so
that the sample migrated by capillary action from the sample
pad 111 to the gold pad 109 to form a “first complex” of
sample 110 and mouse anti-human 1gG4/gold conjugate 112.
The complex then traveled through the nitrocellulose 104
where 1t encountered the mouse 12C4 mAb orrat 12C2 mAb
105 at the test site 106. The sample 110 reacted with the
mouse 12C4 mAb or rat 12C2 mAb 105, forming a complex
of 112 and 110 that was arrested at the test site 106 and was
visualized as a red line 114. In another embodiment, the
sample 110 can be added downstream of the gold conjugate.

Excess gold labeled free antibody (mouse anti-human
IgG4) traveled turther to the control site where a universal
gold capture reagent 107 captured the gold-labeled free
antibody (mouse anti-human IgG4), giving rise to an addi-
tional visible red line 115 at control site 108. Any excess
matenal, gold, and chase buller was absorbed at the distal
end of the nitrocellulose strip by an absorbent filter pad 116.

The specificity of the test was due to the fact that the
complex at the test site only formed when the sample
molecule contains a human or humanized I1gG4 moiety to
capture the mouse anti-human IgG4 gold conjugate and
form the first complex and the anti-VLA-4 moiety to react
with the anti-(ant1-VL A-4 antibody) antibody at the test site.
In a simplistic representation, the anti-VLA-4 molecule 1s
sandwiched between the gold labeled mouse anti-human
IgG4 and the membrane immobilized anti-(ant1-VLA-4 anti-
body) antibody.

Materials

Mouse anti-(ant1-VL A-4 antibody) mAb 12C4 (Elan), 2.1
mg/mlL

Rat anti-(ant1-VLA-4 antibody) mAb 12C2 (Biogen Idec),
1.76 mg/mL

Mouse anti-human IgG4 mAb (Southern Biotech), 0.5
mg/ml.

Humanized anti-VLA-4 Ab (Biogen Idec), 20 mg/mL

Anti-VLA-1 Ab (Biogen Idec),

Human IgG4 (CalBiochem), 1 mg/mL

Humanized anti-VLA-4 Ab formulation bufler (Biogen
Idec)

Universal Gold Capture Reagent
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Chase bufler (PBS with 1% w/v BSA and 1% w/v Tween
20)

Gold conjugate (40 nm)

Test Development

The approach for developing the anti-VLA-4 antibody
test was to target the antigen binding site with a capture
antibody specific for the anti-VLA-4 antibody (mAb 12C4
or 12C2) immobilized on the membrane, and a gold labeled
detector antibody (anti-human IgG4) directed against the
constant region of the anti-VLA-4 antibody, which com-
prises a human IgG4 molecule.

If the monoclonal antibody 12C4 or 12C2 1s highly
specific, no other molecule 1s captured on the membrane and
thus the test 1s negative. Ant1-VLA-1 1s a humanized mono-
clonal antibody to VLA-1. The constant region of the
antibody 1s human IgG1, while the variable antigen binding
region 1s of mouse origin. Because VL A-1 and VLA-4 are
closely related, anti-VLA-1 can be used as an additional
control of the test system. Such an 1nclusion can be used to
confirm the specificity of the test system.

Based on these assumptions, a lateral flow immunochro-
matographic system was developed with the mAb 12C4 or
12C2 directed against the humanized anti-VLA-4 antibody.
To determine the appropriate concentration of the capture
antibody, 12C4 or 12C2 was utilized, which was titrated
between 0.25 and 1.0 mg/ml on separate test strips and
tested against the humanized anti-VLA-4 antibody at 80
ug/mL. The 12C4 or 12C2 antibody was then immobilized
at the test site of the membrane at 1.0 mg/mL. A mouse
monoclonal antibody anti-human Ig(G4 (gamma chain spe-
cific) at 30 ug/mlL was conjugated to gold particles. The
mouse anti-human IgG4 immunogold conjugate was then
lyophilized 1n the conjugate pad and utilized as a detector
molecule. At the control site of the membrane, universal
gold reagent at 3.0 mg/mL was utilized.

Results

During the titration of the monoclonal antibody 12C4 or
12C2, a positive reaction was indicated by the presence of
a band on the top portion of each strip. The 1.0 mg/mL
antibody concentration was selected, as it resulted in an
intense signal with minimum background, and was 1mmo-
bilized at the test site of the membrane.

The humanized anti-VLA-4 antibody, humanized anti-
VLA-1, IgG1 (myeloma), 1gG4 (myeloma), anti-IgG1 and
the formulation bufler are tested on a flow system with 12C4
or 12C2 immobilized. The humanized anti-VL A-4 antibody
was tested at the concentration range of 0.015 and 500
ug/mL. The 12C4 or 12C2 antibody was able to detect the

humanized anti-VLA-4 antibody to a concentration of 0.08
wg/mlL.

The 12C2 antibody was then used to manufacture test
cassettes. FI1G. 1 1llustrates the specificity of the test utilizing
the test cassettes. All tests showed a single band 115,
indicating a valid test, but only the cassette for the human-
1zed ant1-VLA-4 antibody test showed a second band 114
indicating a positive test.

Example 2

Development of a Test to Assay Ant1-VLA-4
Antibody 1n Serum Using Rat 12C2 mAb or Mouse
12C4 mAb and Anti-Human IgG4-Gold Conjugates

To test the viability of the test using a biological fluid, an
assay was tested using serum spiked with anti-VLA-4. The
two-part plastic cassette of this lateral flow test system 1s the
same as that for Example 1 with a few alterations. Referring
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to FIG. 2, the top part 200 contained three openings—
opening 202 1s for the application of samples 210, opening
217—1or chase bufler 218 and a window 203 for visual
detection of the results. In other embodiments (not shown),
the chase bufler can be added downstream of the sample or
added at the same opening as the one for application of
samples. The lower part 201 accommodated a nitrocellulose
test strip 204 on which the mouse 12C4 mAb or rat 12C2
mAb 205 was immobilized at a “test site” (1) 206 and a goat
anti-mouse antibody 207 at a “control site” (C) 208. In other
embodiments, antibody against serum-specific analytes
(e.g., serum albumin), may be utilized as control antibody.

Upstream from the test and control sites, there was a
fibrous pad (“sample pad”) 209 that received the sample
210. Further upstream from the test and control sites there
was a “gold pad” 211 of fibrous material where a mouse
anti-human IgG4 was conjugated to gold particles, the
complex being 212. The two-step assay was utilized. In the
first step, serum sample 210 was applied to the sample
opening 202 and migrated toward the capture zone 2035
ahead of the gold conjugate to form a complex of a sample
210 (anti-VLA4) with the mouse 12C4 or rat 12C2 on test
line 205. In the second step, the chase bufler 218 was applied
to the chase bufler port 217 rehydrated the monoclonal
anti-human IgG4 gold conjugate 212. The conjugate 212
then traveled toward the capture test line 205 to form a
complex with anti-VLA-4 bound to capture line 205, and the
reaction at site 206 was visualized as a red line 214.

Excess gold-labeled free antibody (mouse anti-human
IgG4) traveled further to the control site 208 where a goat
anti-mouse antibody 207 captured the gold-labeled free
antibody (mouse anti-human IgG4), giving rise to an addi-
tional visible red line 215. Any excess matenal, gold, and
chase bufler was absorbed at the distal end of the nitrocel-
lulose strip by an absorbent filter pad 216.

The specificity of the test was due to the fact that the
complex at the test site only formed when the sample
contains anti-VLA-4 moiety to react with the anti-(anti-
VLA-4 antibody) antibody at the test site, and to be detected
by a mouse anti-human IgG4 moiety conjugated to gold. In
a simplistic representation, the anti-VLA-4 molecule 1s
sandwiched between the gold labeled mouse anti-human
IgG4 and the membrane immobilized anti-(anti-VL A-4 anti-
body) antibody. The success of this format 1s reliant upon
any endogenous interfering moiety (e.g., 1gG4) 1n the
sample traveling ahead of the anti-IgG4 gold conjugate
reducing 1ts interference with the detection of the anti-
VLA-4 at the test line.

A reader can be used for semi-quantitative determination
of the concentration of the tested analytes. To record the
results of the lateral flow system, a reader based on visual
positive/negative scoring was used. The visual threshold on
the reader corresponds to values within the 20-40 unit range.
If the signal was recorded visually positive within this range
then 1t should be considered a very weak pink line that may
not be visible to all operators.

Materials

Mouse anti-(anti-VLA-4 antibody) mAB 12C4 (Elan), 2.1
mg/ml.

Mouse anti-human IgG4 mAb (Southern Biotech), 0.5
mg/ml.

Humanized anti-VLA-4 Ab (Biogen Idec), 21 mg/mL

Human IgG4 (The Binding Site, San Diego, Calif.), 13.7
mg/ml.

Humanized anti-VLA-4 Ab formulation bufler (Biogen
Idec)

Goat anti-mouse antibody, 3.0 mg/ml
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Chase bufler (PBS with 1% w/v BSA and 1% w/v Tween
20)

Gold conjugate (40 nm)
Test Development

-

The approach for developing the test was to target the
antigen binding site with a capture antibody (mAb 12C4 or
mAb 12C2) immobilized on the membrane, specific for the
ant1-VLA-4 antibody, and a gold labeled detector antibody
(mouse anti-human IgG4) directed against the constant

region ol the anti-VLA-4 antibody, which comprises a
human IgGG4 molecule.

If a monoclonal antibody used in the assay such as 12C4

or 12C2 1s highly specific, no other analyte 1s captured on the
membrane and therefore the test 1s negative.

Based on these assumptions, a lateral flow immunochro-
matographic system was developed with the mAb 12C4 or
12C2 directed against the humanized anti-VL A-4 antibody.
To determine the appropriate concentration of the capture
antibody, 12C4 was utilized, which was titrated on separate
test strips and tested against the humanized anti-VLA-4
antibody at a variety of concentrations ranging from 100
ug/mL to 0.25 ug/mL. The 12C4 antibody was then immo-
bilized at the test site of the membrane at 2.1 mg/mL. A
mouse monoclonal antibody anti-human IgG4 (gamma
chain specific) was conjugated to 40 nm gold particles. The
mouse anti-human IgG4 immunogold conjugate was then
lyophilized in the conjugate pad and utilized as a detector
molecule. At the control site of the membrane, a goat
anti-mouse antibody at 3.0 mg/mlL was utilized.

Results

During the titration of the monoclonal antibody 12C4 or
12C2, a positive reaction was indicated by the presence of
a band on the top portion of each strip. The 2.1 mg/mL
antibody concentration was selected, as it resulted in an
intense signal with minimum background, and was 1mmo-
bilized at the test site of the membrane. The protocol
consisted of adding 20 ulL serum (pre-diluted 1:10 1n chase
bufler or neat) at port 202 immediately (<1 minute) followed
by 150 uL chase butler 218 at port 217. The sample was left
to incubate 1n device for 30 minutes at room temperature and
ambient humidity.

The humanized anti-VLA-4 antibody, 1n sample matrix,
IgG4 (myeloma), anti-VLA-4 together with IgG4, and the
formulation bufler are tested on a flow system with 12C4
immobilized. The humanized anti-VLA-4 antibody was
tested at the concentration range of 0.25 and 100 ug/mlL. The
12C4 antibody was able to detect the humanized anti-VL A-4
antibody to a concentration of 0.25 ug/mlL.

The 12C4 antibody was then used to manufacture test
cassettes. FIG. 2 illustrates the specificity of the test utilizing
the test cassettes. All tests showed a single band 2185,
indicating a valid test, but only the cassettes for the human-
1zed anti-VLA-4 antibody test showed a second band 214
indicating a positive test.

In some embodiments, the test includes additional com-
ponents. Ant1-VLA-1 1s a humanized monoclonal antibody
to VLA-1. The constant region of some anti-VLA-1 anti-
bodies 1s IgG1, while the variable antigen binding region 1s
of mouse origin. In some embodiments, anti-VLA-1 1s used
as an additional control to assess specificity of the test
system. Additional controls that can be included 1n the test
system 1nclude assessing tolerance of the test to excess
levels of analytes that may be found 1n the serum, e.g., Ig(G4,
drug, or anti-drug antibodies. A reader can be used for
semi-quantitative or quantitative measurement of anti-
VL A4 concentrations.
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Example 3

Development of a Test to Assay Anti-VLA-4
Antibody Using Anti-Ant1-VLA-4 mAb-Gold
Conjugates

Experiments were conducted to test the ability of a
different format to effectively detect anti-VL A-4 antibody 1n
serum. The two part plastic cassette of this lateral flow test
system 1s the same as that for Example 2 with a few
alterations. Referring to FIG. 3, the top part 300 contained
three openings—one 302 1s for the application of samples
310, opening 317—1or application of chase bufler 318 and
a window 303 for visual detection of the results. The lower
part 301 accommodated a nitrocellulose test strip 304 on
which the mouse 12C4 mAb 305 was immobilized at a “test
site” (1) 306 and a goat anti-mouse antibody 307 at a
“control site” (C) 308.

Upstream from the test and control sites, there was a
fibrous pad (“sample pad”) 309 that received the sample
310. Further upstream from the test and control sites there
was a “gold pad” 311 of fibrous material where a mouse
anti-anti-VLA4 antibody 12C4 was conjugated to gold par-
ticles, the complex being 312. The two-step assay was
utilized. In the first step, sample 310 was applied to the
sample opening 302 and migrated toward the capture zone
305 ahead of the gold conjugate to form a complex of a
sample 310 (anti-VLA4) with the mouse 12C4 or rat 12C2
on test line 305. In the second step, the chase butler 318 was
applied to the chase bufler port 317 and rehydrated the
monoclonal mouse anti-anti-VL A4 antibody 12C4 gold con-
jugate 312. The conjugate 312 then traveled toward the
capture test line 305 to form a complex with anti-VLA-4

bound to capture line 305, and the reaction at site 306 was
visualized as a red line 314.

Excess gold-labeled free antibody (mouse 12C4 mAb)
traveled further to the control site where a goat anti-mouse
antibody 307 captured the mAb, giving rise to an additional
visible red line 315. Any excess material, gold, and chase
bufler was absorbed at the distal end of the nitrocellulose
strip by an absorbent filter pad 316.

When using spiked natalizumab samples, this test format
1s more restricted in 1ts range of detection than the test
conducted with the anti-human IgG4 gold conjugate because
the complex at the test site only formed when the sample
molecule can react with both the anti-(anti-VLA-4 anti-
body)/gold conjugate and the anti-(anti-VLA-4 antibody)
antibody at the test site. In a simplistic representation, the
ant1-VLA-4 molecule 1s bridging between the gold labeled
anti-(ant1-VLA-4 antibody) antibody and the membrane
immobilized anti-(anti-VLA-4 antibody) antibody. There-
fore, this test 1s less sensitive for overall detection of the
anti-VLA-4 antibody when using actual samples from
patients. This format results 1n a more restricted test in that
it detects only intact natalizumab, which 1s an IgG4-based
antibody. This format does not detect half-antibody
exchanged molecules, which 1s observed 1n patients treated
with natalizumab and other Ig(G4 antibodies. Therefore, the
uses of this format are generally restricted to detection of
intact drug.

Materials

Mouse anti-(ant1-VLA-4 antibody) mAB 12C4 (Elan), 2.1
mg/ml.

Humanized anti-VLA-4 Ab (Biogen Idec), 21 mg/mL

Humanized anti-VLA-4 Ab formulation bufler (Biogen
Idec)

Goat anti-mouse antibody, 3.0 mg/ml
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Chase bufler (PBS with 1% w/v BSA and 1% w/v Tween
20)

Gold conjugate (40 nm)

Test Development

A lateral flow immunochromatographic system was
developed with the mAb 12C4 directed against the human-
1zed anti-VLA-4 antibody. To determine the appropriate
concentration of the capture antibody, 12C4 was titrated on
separate test strips and tested against the humanized anti-
VLA-4 antibody at the concentrations ranging from 0.25 to
100 ng/mlL.. The 12C4 antibody was then immobilized at the
test site of the membrane at 2.1 mg/mL. Also, 12C4 antibody
was conjugated to 40 nm gold particles, lyophilized in the
conjugate pad and utilized as a detector molecule. At the
control site of the membrane, a goat anti-mouse antibody at
3.0 mg/mL was utilized.

Results

During the titration of the monoclonal antibody 12C4, a
positive reaction was indicated by the presence of a band on
the top portion of each strip. The 2.1 mg/mlL antibody
concentration was selected, as 1t resulted 1n an 1ntense signal
with minimum background, and was immobilized at the test
site of the membrane. The protocol consisted of adding 20
ul. serum (pre-diluted 1:10 in chase buifler or neat) at port
302 immediately (<1 minute) followed by 150 ul chase
bufler 318 at port 317. The sample was left to incubate 1n
device for 30 minutes at room temperature and ambient
humidity.

The humanized anti-VLA-4 antibody 1n matrix, anti-
VLA-4 antibody with additional 1gG4 added and the for-
mulation buller were tested on a flow system with 12C4
immobilized. The humanized anti-VLA-4 antibody was
tested at the concentration range of 1 and 100 ug/mL. The
12C4 antibody was able to detect the humanized ant1-VLA-4
antibody to a concentration of 1 ug/mlL.

The 12C4 antibody was then used to manufacture test
cassettes. FI1G. 3 1llustrates the specificity of the test utilizing
the test cassettes. All tests showed a single band 315,
indicating a valid test, but only the cassette for the human-
1zed anti-VLA-4 antibody test showed a second band 314,
indicating a positive test.

Example 4

Development of a Test to Assay Anti-Drug
Antibody Using Ant1-VLA-4 Drug and Ant1-VLA-4
Drug Gold Conjugate

Assays and methods to detect antibodies directed against
a drug, e.g., natalizumab are described herein. To test such
an assay, the two-part plastic cassette of this lateral tflow test
system was the same as that for Examples 1-3 with a few
alterations. Referring to FIG. 4, the top part 400 contained
three openings—opening 402 for the application of samples
410, opening 417—ifor chase builer 418 and a window 403
for visual detection of the results. The lower part 401
accommodated a nitrocellulose test strip 404 on which the
ant1-VLA-4 antibody 405 was immobilized at a “test site”
(T) 406 and a control antibody 407 at a “control site” (C)
408.

Upstream from the test and control sites, there was a
fibrous pad (“sample pad”) 409 that received the sample
410. Further upstream from the test and control sites there
was a “gold pad” 411 of fibrous material where anti-VLA-4
was conjugated to gold particles, the complex being 412.
The two-step assay was utilized. In the first step, sample 410
was applied to the sample opening 402 and migrated toward
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the capture zone 405 ahead of the gold conjugate to form a
complex of a sample 410 (anti-anti-VLLA4) with the anti-
VLA-4 on test line 405. In the second step, the chase bufler
418 was applied to the chase bufller port 417 and rehydrated
the anti-VLA-4 gold conjugate 412. The conjugate 412 then
traveled toward the capture test line 405 to form a complex
with anti-(anti-VLA-4) bound to capture line 403, and the
reaction at test site 406 was visualized as a red line 414.

Any excess material, gold, and chase bufler was absorbed
at the distal end of the nitrocellulose strip by an absorbent
filter pad 416.

The specificity of the test was due to the fact that the
complex at the test site only formed when the sample
molecule must bind to both the anti-VLA antibody on the
test line and anti-VLA-4 gold conjugate. In a simplistic
representation, the anti-(anti-VLA-4 antibody) antibody 1s
bridging between the gold labeled anti-VLA-4 antibody and
the membrane 1mmobilized anti-VLA-4 antibody, thus, in
some cases, this type of assay 1s referred to as a “bridging
assay’ .

In some embodiments, excess gold-labeled and free anti-
VLA-4 antibody can travel further to the control site 408
where a control antibody 407 1s available to capture the
matrix components, giving rise to an additional visible red
line 4185.

A reader can be used for semi-quantitative determination
of the concentration of the tested analytes. To record the
results of the lateral flow system, a reader based on visual
positive/negative scoring was used. The visual threshold on
the reader corresponds to values within the 20-40 unit range.
If the signal was recorded visually positive within this range
then 1t should be considered a very weak pink line that may
not be visible to all operators.

Materials

Mouse anti-(ant1-VLA-4 antibody) mAB 12C4 (Elan), 2.1
mg/ml.

Rabbit anti-(anti-VLA-4 antibody) mAB (Biogen Idec),
1.1 mg/mL

Rat anti-(anti-VLA-4 antibody) mAb 12C2 (Biogen Idec),
1.76 mg/mL

Humanized anti-VLA-4 Ab (Biogen Idec), 21 mg/mL

Humanized anti-VLA-4 Ab formulation bufler (Biogen
Idec)

Control Antibody

Chase bufler (PBS with 1% w/v BSA and 1% w/v Tween
20)

Gold conjugate (40 nm)

Test Development

A lateral flow immunochromatographic system was
developed with the anti-VLA-4 antibody directed against the
anti-(ant1-VLA-4 antibody) antibody. To determine the
appropriate concentration of the capture antibody, anti-
VLA-4 antibody was utilized, which was titrated on separate
test strips and tested against anti-(anti-VLA-4 antibody)
antibody at a range of concentrations from 25 ug/mL to 0.5
ug/mL. The anti-VLA-4 antibody was then immobilized at
the test site of the membrane at 0.5 mg/mL. An anti1-VLA-4
was conjugated to 40 nm gold particles. The anti-VLA-4
immunogold conjugate was then lyophilized in the conju-
gate pad and utilized as a detector molecule. At the control
site of the membrane, control antibody was utilized.

Results

The 0.5 mg/mL antibody concentration was selected for
immobilization based on titration experiments, as it resulted
in an intense signal with minimum background. The proto-
col consisted of adding 20 ulL serum (pre-diluted 1:10 1n
chase bufler or neat) at port 402 immediately (<1 minute)
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followed by 150 uL chase buller 418 at port 417. The sample
was left to incubate 1n device for 30 minutes at room
temperature and ambient humidity.

The mouse and rabbit anti-(anti-VLA-4 antibody) anti-
body, humanized anti-VLLA-4 antibody, the combination of
the above, and the formulation bufter were tested on a flow
system with anti-VLA-4 antibody immobilized. The anti-
(anti-VLA-4 antibody) antibody was tested at the concen-
tration range of 25 ng/mlL to 0.5 nwg/ml. The humanized
ant1-VLA-4 antibody was able to detect the human anti-
(anti-VLA-4 antibody) antibody to a concentration of 0.5
wg/mlL.

The humanized anti-VLLA-4 antibody drug was then used
to manufacture test cassettes. FIG. 4 illustrates the specific-
ity of the test utilizing the test cassettes. All tests showed a
single band 415, indicating a valid test, but only the cassette
for the anti-drug antibody test showed a second band 414,
indicating a positive test.

A control line or additional normalization line may be
used for the purpose of data normalization in the lateral flow
assay. This normalization line may be an immobilized
antibody against one of the matrix (e.g., serum) components
that have similar concentrations across individual matrix
samples. Alternatively, a normalization line may be an
immobilized antibody against a protein from an 1rrelevant
species that 1s not present 1n the tested matrix, but added at
the same concentrations to each matrix sample prior to
placing 1t on a lateral flow device. This protein can be added
to each sample directly, or, in case when samples are being
diluted with a chase buller, may be a component of the chase
bufler. A reader can be used for semi-quantitative or quan-
titative measurement of ant1 anti-VL.A4 concentrations.
Other Embodiments

It 1s to be understood that while the invention has been
described 1 conjunction with the detailed description
thereol, the foregoing description 1s intended to illustrate
and not limit the scope of the invention, which 1s defined by
the scope of the appended claims. Other aspects, advantages,
and modifications are within the scope of the following
claims.

What 1s claimed 1s:

1. A method of assaying the eflicacy of a treatment, the
method comprising:

a) obtaining a biological sample from a subject undergo-
ing treatment to decrease the level of a humanized
ant1-VLA-4 IgG4 antibody 1n the subject;

b) contacting the sample with a capture agent 1mmobi-
lized on a substrate, wherein the capture agent can bind
a humanized anti-VLA-4 1gG4 antibody 1n the sample,
and wherein the substrate 1s a portion of a lateral tlow
immunochromatographic system comprising, 1 order
of flow, a label zone, a sample receiving zone, and a test
zone configured such that:

the label zone 1s located upstream of the sample receiving
zone and contains one or more secondary agents, the test
zone 1s downstream of the label zone, upon flow through the
lateral tlow immunochromatographic system the sample
reaches the test zone before secondary agent(s) from the
label zone upon flow through the lateral flow 1immunochro-
matographic system, and upon flow of the sample through
the system, humanized anti-VLA-4 1gG4 antibody from the
sample will first bind with the capture agent 1n the test zone
to form a complex, the secondary agent(s) will then reach
the test zone, and then the complex will bind with the
secondary agent(s); and

¢) detecting binding of the humanized anti-VLA-4 1gG4
antibody to the capture agent with the secondary
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agent(s) within the lateral tlow 1mmunochromato-
graphic system and determining whether the level of
the humanized anti-VLA-4 1gG4 antibody 1s above or
below a predetermined level based on the detecting,
wherein a level of the humanized anti-VLA-4 1gG4
antibody 1n the sample less than a predetermined level
1s 1indicative of the eflicacy of the treatment.

2. The method of claim 1, comprising one, two, three,
tour, or all of the characteristics selected from the following:

a) the predetermined level 1s about 1 ug/ml, 2 ng/ml, 3
ug/ml, 4 ug/ml, 5 pg/ml, 6 ug/ml, 7 ng/ml, 8 ug/ml, 9
ug/ml, 10 ug/ml, 15 pg/ml, or 20 pg/ml,

b) the biological sample 1s obtained from the subject one
day, two days, three days, four days, five days, six days,
one week, two weeks, three weeks, or four weeks after
the treatment, and/or

¢) the treatment 1s repeated once a day, or once every two
days, three days, four days, five days, six days, one
week, two weeks, three weeks, or four weeks,

d) the biological sample 1s blood, plasma, serum, urine,
saliva, cerebrospinal fluid, sputum, ocular lens fluid,
sweat, milk, ascites fluid, mucous, synovial fluid, peri-
toneal fluid, transdermal exudates, pharyngeal exu-
dates, bronchoalveolar lavage, tracheal aspirations,
semen, cervical mucus, vaginal secretion, urethral
secretion, or amniotic fluid, and

¢) the capture agent 1s an antibody or an antigen binding,
fragment thereot, or an integrin.

3. The method of claim 1, wherein the treatment com-
prises blood apheresis selected from 1s therapeutic plasma
exchange, cytoreduction, photophoresis, and selective
absorption.

4. The method of claim 1, wherein one of the one or more
secondary agent(s):

a) an anti-anti-VLA-4 antibody or antigen binding frag-

ment thereof, or

b) an anti-IgG4 antibody or antigen binding fragment
thereof.

5. The method of claim 1, wherein:

a) the substrate 1s nitrocellulose, cellulose acetate, filter
paper, cloth, or glass fiber paper, and/or

b) the binding of the capture agent to the antibody 1s
detectable within about 30 seconds to about 60 minutes
or longer after the binding.

6. The method of claim 1, wherein the subject was treated
with natalizumab and has been diagnosed with or 1s sus-
pected of having a JC virus infection.

7. A kat for assaying the level of an antibody 1 a
biological sample 1n a subject comprising:

a) a tester comprising

1) a substrate; and
1) a detectable capture agent immobilized on the sub-
strate

wherein the capture agent can bind a humanized anti-
VLA-4 1gG4 antibody 1n the sample, and wherein the
substrate 1s a portion of a lateral flow 1mmunochro-
matographic system comprising, in order of flow, a
label zone, a sample receiving zone, and a test zone
configured such that:
the label zone 1s located upstream of the sample receiv-

ing zone and contains one or more secondary agents,
the test zone 1s downstream of the label zone, upon
flow through the lateral flow immunochromato-
graphic system the sample reaches the test zone
before secondary agent(s) from the label zone upon
flow through the lateral flow immunochromato-
graphic system, and upon tlow of the sample through
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the system, humanized anti-VLA-4 IgG4 antibody
from the sample will first bind with the capture agent
in the test zone to form a complex, the secondary
agent(s) will then reach the test zone, and then the
complex will bind with the secondary agent(s), and

b) a chase bufiler.

8. The kit of claim 7, wherein the binding of the capture
agent to the humanized anti-VLA-4 1g(G4 antibody produces
a detectable signal.

9. The kit of claim 7, wherein:

a) the binding of the capture agent to the humanized
ant1-VLA-4 IgG4 antibody 1s detected using the sec-
ondary agent(s)

b) the capture agent 1s an antibody or antigen binding
fragment thereot, or an integrin, and/or

¢) the binding of the capture agent to the humanized
ant1-VLA-4 1gG4 antibody i1s detectable within about
30 seconds to about 60 minutes or longer after the
binding.

10. The kit of claim 7, wherein the substrate 1s nitrocel-
lulose, cellulose acetate, filter paper, cloth, or glass fiber
paper.

11. The kit of claim 7, wherein the biological sample 1s
blood, plasma, serum, urine, saliva, cerebrospinal fluid,
sputum, ocular lens flmid, sweat, milk, ascites fluid, mucous,
synovial fluid, peritoneal fluid, transdermal exudates, pha-
ryngeal exudates, bronchoalveolar lavage, tracheal aspira-
tions, semen, cervical mucus, vaginal secretion, urethral
secretion, or amniotic fluid.

12. The kit of claim 7, wherein one of the one or more
secondary agent(s) 1s:

a) an anti-anti-VLA-4 antibody or antigen binding frag-

ment thereod, or

b) an anti-IgG4 antibody or antigen binding fragment
thereof.

13. The kat of claim 12, further comprising instructions for

one or more of the following:

a) mterpreting the level of the humanized anti-VLA-4
IgG4 antibody,

b)interpreting the level of the anti-anti-VL A4 antibody or
antigen binding fragment thereof,

¢) interpreting the level of the anti-IgG4 antibody or
antigen binding fragment thereof, and

d) monitoring the eflicacy of treatment 1n the subject.

14. A method of decreasing the level of a humanized
ant1-VLA-4 1gG4 antibody 1n a subject, the method com-
prising:

a) contacting a biological sample from a subject with a
capture agent immobilized on a substrate, wherein the
capture agent can bind a humanized anti-VLA-4 1g(G4
antibody 1n the sample, and wherein the substrate 1s a
portion of a lateral flow immunochromatographic sys-
tem comprising, in order of flow, a label zone, a sample
receiving zone, and a test zone configured such that:

the label zone 1s located upstream of the sample receiving
zone and contains one or more secondary agents, the
test zone 1s downstream of the label zone, upon tlow
through the lateral flow immunochromatographic sys-
tem the sample reaches the test zone before secondary
agent(s) from the label zone upon flow through the
lateral flow immunochromatographic system, and upon
flow of the sample through the system, humanized
ant1-VLA-4 1gG4 antibody from the sample will first
bind with a capture agent in the test zone to form a
complex, the secondary agent(s) will then reach the test
zone, and then the complex will bind with the second-

ary agent(s):
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b) detecting binding of the humanized anti-VLA-4 1gG4
antibody to the capture agent with secondary agent(s)
within the lateral flow immunochromatographic system
and determiming the level of the humanized anti-VL A-4
IgG4 antibody 1s above a predetermined level based on
the detecting; and

c) treating the subject until the level of the humanized
ant1-VLA-4 IgG4 antibody in the sample reaches the
predetermined level.

15. The method of claim 14, wherein the treatment
comprises blood apheresis selected from 1s therapeutic
plasma exchange, cytoreduction, photophoresis, and selec-
tive absorption.

16. The method of claim 14, wherein:

a) the predetermined level 1s about 1 ug/ml, 2 ug/ml, 3
ug/ml, 4 ug/ml, 5 ng/ml, 6 ug/ml, 7 ng/ml, 8 ug/ml, 9
ug/ml, 10 ug/ml, 15 ug/ml, or 20 pg/ml,

b) contacting a biological sample from a subject with a
capture agent associated with a substrate, detecting
binding of humanized ant1-VLA-4 1g(G4 antibody to the
capture agent with secondary agent(s) within the lateral
flow immunochromatographic system, and determining
whether the level of the humanized anti-VLA-4 1gG4
antibody 1s above or below a predetermined level based
on the detecting occurs one day, two days, three days,
four days, five days, six days, one week, two weeks,
three weeks, or four weeks after a previous treatment,
and/or
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¢) the treatment 1s repeated once a day, or once every two
days, three days, four days, five days, six days, one
week, two weeks, three weeks, or four weeks.

17. The method of claim 14, wherein the biological
sample 1s blood, plasma, serum, urine, saliva, cerebrospinal
fluid, sputum, ocular lens fluid, sweat, milk, ascites tluid,
mucous, synovial tluid, peritoneal fluid, transdermal exu-
dates, pharyngeal exudates, bronchoalveolar lavage, tra-
cheal aspirations, semen, cervical mucus, vaginal secretion,
urethral secretion, or amniotic fluid.

18. The method of claim 14, wherein:

a) the capture agent 1s an antibody or an antigen binding

fragment thereof, or an integrin, and/or

b)the binding of the capture agent to the antibody 1is

detectable within about 30 seconds to about 60 minutes
or longer after the binding.

19. The method of claim 14, wherein one of the one or
more secondary agent(s) 1s:

a) an anti-anti-VLA-4 antibody or antigen binding frag-

ment thereof, or

b) an anti-IgG4 antibody or antigen binding fragment
thereof.
20. The method of claim 14, wherein the substrate 1s
nitrocellulose, cellulose acetate, filter paper, cloth, or glass
fiber paper.




	Front Page
	Drawings
	Specification
	Claims

